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Abstract
Adolescent Health, Future Outcomes, and Mechanisms Linking Health and Education
by Nannan Peng
Even though the relationship between the health of infants/children and future outcomes
has been established in many studies, little evidence has shown the impact of adolescent
health. We extend the literature by exploiting the data from Add Health. We show that
poor adolescent health has a significantly negative influence on adulthood outcomes. Among
the health problems, mental illnesses have significantly persistent effects. Though specific
diagnoses can predict general health measure, they are to some extent independent. We
further explore the mediators linking health measures and educational attainment. The
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1. Introduction
How do health conditions at an early age impact one’s success in the future? Spurred by the
work of [3], a large amount of literature has established that children with poor health are
more likely to suffer various deficits, such as lower average educational attainment and labor
market outcomes [6, 15, 20, 2]. On the other hand, individuals with poor health are more
often connected with families of disadvantaged parental background. This implies that earlier
health conditions may be a mechanism through which socioeconomic status is transmitted
across generations. But to recognize those relationships, it is crucial to understand the
long-term impacts of earlier health measures and how they work.
To date, most of the studies explore the relationship between health during childhood
or in-utero and future outcomes, that is, they focus on very early health measures.1 As
pointed out by other authors, however, many health problems that manifest themselves
during adolescence have not yet emerged in childhood or in-utero and they would thus not
be reflected in lower birth weight or other health measures in earlier life [25]. Unfortunately,
we know little about whether health diagnoses in adolescence have the same effects as those
in childhood and in-utero.
Regarding research methodologies, a typical approach to understand the consequences of
health conditions is case studies, which are used to investigate a specific health diagnosis.
The commonly surveyed diseases include asthma [21], ADHD [13, 20], and depression [28,
19]. However, there is a potential limitation in applying this method. Exploring a single
health measure tends to overestimate its impact since some diseases potentially interact
with each other and amplify their impacts.2 More importantly, when the studied disease is
actually caused by other illnesses, the estimation problem is exacerbated because the disease
is only a mediator through which other health problems operate. To avoid these issues,
an alternative approach is to study overall health measures, like birth weight and general
health status. These measures, however, face some criticisms because they are either not
very representative or suffer certain measuring bias [2, 30].
In addition to the impacts of childhood health on later outcomes, another question is:
What are the mechanisms through which health shocks operate? Exploring the pathways is
valuable since to design policies that prevent children with poor health from falling behind,
1See [11] and [1] for systematic reviews in this topic.
2For example, obesity is found to increase the risk of depression, particularly among Americans and for
clinically diagnosed depression; on the other hand, depression is also considered to be predictive of developing
obesity [27].
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we need to understand how health contributes in the first place. But current economic studies
focus disproportionately on the causal relationships between health and one’s achievements.
The mediators behind these variables have not yet well studied.
This paper tries to contribute to the literature by using the public data from the National
Longitudinal Study of Adolescent Health (Add Health). Based on this unique data set, this
paper addresses the following questions.
1) What are the impacts of adolescent health on outcomes for young adults, including in-
come, college graduation, employment and social assistance status?
2) What are the relationships between general health measure and specific health diagnoses?
3) What are the potential mediators linking health and educational attainments? In addi-
tion, what are the validity and magnitude of the indirect effects of these mediators?
Compared with existing literature, our study has several strengths. First, we do not restrict
our analysis to a specific health diagnosis. Multiple health problems, both including overall
health condition, i.e. self-reported general health status, and specific long-term diseases such
as asthma and depression, are examined in this paper. Second, Add Health has been following
the respondents long enough that it permits us to investigate some outcomes such as income
and the likelihood of finishing college, which are not studied in previous research.3 Third,
we explore the mediators linking health and educational attainment, i.e. the likelihood of
college graduation. This helps us understand how these diseases work.
The rest of this paper is organized in the following way. The next section reviews the
literature on the effects of adolescent health on long-term outcomes. Section 3 provides a
description of the data and estimation methodology. The details of the basic estimation
results are outlined in Section 4, whereas Section 5 provides mediation analysis linking
adolescent health and the likelihood of college graduation. Section 6 concludes.
3The survey of Add health has been conducted in four waves. Most of the respondents are more than 25
years old in the fourth wave. That is, most of the individuals have finished their studies and found a job.
For details of the data set see in Section 3.
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2. Literature Review
[6] use data from the 1958 British birth cohort study and show that children had poorer
health, lower educational attainment and wages than other children as adults if they suffered
chronic conditions at age 7 or 16. [15] follow adolescents at age 18 and younger from the
Canadian province of Manitoba. They document that poor health has a negative influence
on young adult outcomes. More specifically, they find even though early physical health
problems affect outcomes primarily because they predict later health, early mental health
problems have a persistent influence on future achievement. But their data are somewhat
limited since they lack some important family background information such as the parental
income and education. Furthermore, adult earnings and employment status are not available
in their data either.
In addition, the interpretation of these findings requires caution since these associations
might be driven by unobserved “third factors”, i.e. confounding variables, that influence both
health in adolescents and adulthood outcomes. To solve this problem, fixed effects models
are employed in some studies to control for omitted variables and assess the relationship
between health and outcomes. It is a powerful tool since a fixed effect model can sweep out
measured and unmeasured factors of family or school level and thus control for this type of
bias [31].
By using retrospective general health up to age 16 from the Panel Study of Income
Dynamics (PSID) and a sibling fixed effects design, [30] reports that there is a significant
relationship between health in adolescent and adult labor market outcomes such as wealth
and earnings. Instead of using a general health measure, [31] explore how mental illnesses
such as depression or drug use, affect adult earnings by exploiting the same data set as [30].
They find mental health operates through its influence on the probability of being employed
and the length of working time. Also applying a sibling fixed effect model, [19] documents
that adolescent depression has a significantly negative influence on future years of schooling.
But fixed effects models are not a panacea. There are several warnings that should
be kept in mind. First, if health diagnoses are measured with some errors, using fixed
effects models may exacerbate the bias associated with the measurement error. This is also
one of the reasons that rather than observing smaller effects of health diseases on future
achievements, some studies in fact report the opposite by using within-sibling models [30,
21]. Second, the investment behavior of parents for siblings will further amplify the bias.
For example, illness will change parental expectation of marginal return of investment from
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different children. Parents will reinforce their investment to healthy children. However,
parents may also compensate unhealthy children if they favour equity [18]. Thus the fixed
effects models could either underestimate or overestimate the effect of health, depending on
parental investment preference.
There are several studies that are closely related to our research. [25] exploit data from
the Swedish National Service Administration. They find that even using both sibling fixed
effects or twin pair fixed effects, health conditions at age 19 have significant long-run effects
on labor market outcomes. A major contribution of this study is that the authors use
overall health condition as well as a large number of specific health diagnoses. The data just
includes Swedish males, however. Using the same data source, [26] further investigate the
relationship between health and educational attainment. However, there is no evidence that
health shocks in adolescent predict final educational attainment within monozygotic twin
pairs.
Besides the caveats mentioned before for sibling-fixed effects model, one should be more
careful when explaining the results from twin studies. [5] show that twin births are correlated
with various family characteristics such as family wealth. It is much easier for wealthier
family to give birth to and raise twin babies when considering the financial burden of that.
In other words, the results of twin studies are not representative in the society.
Our study improves the literature in several ways. Instead of applying fixed effects
models, we take full advantage of the information from Add Health since it includes rich col-
lections of adolescent family socioeconomic statuses. This gives us the ability to thoroughly
control for potential confounding variables. On the other hand, no research has system-
atically investigated the mediators linking health and educational attainment. Our paper
provides a first look at this question.
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3. Data and Methodology
3.1 Data Description
In the course of our research, the data comes from Add Health. Add Health is a school-based,
longitudinal survey study of the health-related behaviors and outcomes of U.S. adolescences
that follows youth from the middle and high school years through the transition to early
adulthood. This survey includes four waves. The first wave (Wave I) of Add Health consists
of a nationally representative sample of students in grades 7 to 12 during the period 1994-
1995.1 The first study was then followed a series of interviews of students in 1996 (Wave
II), 2001-2002 (Wave III) and 2008 (Wave IV). Add Health also includes questionnaires for
parents, fellow students and school administrators. Details of the data structure of Add
Health can be found in [24].
Our health measures include general health condition as well as specific health problems.
The general state of one’s health is self-evaluated with a 5-point scale in Wave I: excellent,
very good, good, fair, or poor.2 Since the general health status is not measured retrospec-
tively, it reduces the concern that individuals may justify their current achievements by
coloring their past health status [30].
To analyze specific aspects of adolescent health status, we construct seven broad cate-
gories of conditions. In creating those categories, we follow some health diagnoses that are
commonly used in the literature, as well as those conditions described by the ICD10 classi-
fication. This leads to the following health condition variables: asthma, ADHD, depression,
migraine, obesity, and injuries. In addition, we also create a category, other conditions,
which includes being disabled, mentally retarded, blind, deaf, dizzy regularly, having a heart
problem and diabetes since there are just a few respondents diagnosed with each of these
conditions.3 Health conditions such as asthma, ADHD, depression have been extensibly
studied in previous literature [22, 13, 21, 19].
Wa are interested in four outcomes: personal income, college graduation, employment
status, and social assistance (SA). All those variables are collected in Wave 4. Personal
income is defined as all earnings in the previous year before taxes.4 We take the logarithm
1More than 99% of the students in the first wave are between the age of 12-20.
2The question was, ”In general, how is your health?”
3Regular dizziness is defined as having this condition every day or almost every day.
4The question was, ”Now think about your personal earnings. In 2006/2007/2008, how much income
did you receive from personal earnings before taxes, that is, wages or salaries, including tips, bonuses, and
overtime pay, and income from self-employment?”
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of this variable.5 The other three variables are binary. We set college graduation as our
outcome variable for two reasons. First, the sample we use is mainly based on high school
students. They have higher years of schooling on average when compared with other data
sources. It is therefore reasonable to use a higher educational attainment as our standard
of achievement. Second, using the same data set, some studies have documented that poor
adolescent health lowers the likelihood of high school graduation and college attendance [18,
19]. However, it is not clear whether adolescent health has the same influence on college
graduation. Employment is defined as being fully employed if an individual was working for
pay for at least 35 hours a week when the survey was conducted. An individual is considered
as having social assistance if any individual in their household had received any sort of public
assistance between Wave 3 and Wave 4 of Add Health survey.
3.2 Sample Constructions
In this paper, we are going to use the public-version data of Add Health. Wave I includes 6504
observations. Wave IV follows the respondents in the first wave and 4756 observations are
provided. Given that variables related to socioeconomic status are very important factors
that impact children’s health and future achievement at the same time [12, 7, 14, 10], it
is necessary to control for parental background variables such as family income, parental
education, and parental health. We thus restrict our sample to those respondents where
at least one of their biological parents was surveyed in Wave I. This leaves us with 3512
observations.6 Although there were few missing values for most of the analysis variables, one
variable, family income, was missing for 13% of the sample. This variable was collected in the
parents’ interviews and was missing when parents simply did not report the information. To
maximize cases for the analysis, we impute the missing values by using the MICE (Multiple
Imputation by Chained Equations). Our variables of missing value are either binary or
continuous. Binary variables are imputed with a logit model while OLS is applied for all
other variables. We use STATA 15.1 to conduct the imputation and 50 imputed datasets
are generated for analysis.
5208 respondents (about 6%) in our final sample report zero income. We distinguish two cases. There
are 52 respondents who report zero income but have a job. A possible reason that their income is zero may
be that the minimum unit of reporting income is a thousand dollars in the survey. For those individuals, we
treat their income as missing values. But the 156 respondents who report zero income do not have a job.
We add one to their income and then take the logarithm.
6Among those respondents, about 96% of them include family background information regarding their
mother.
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Table 3.1: Descriptive statistics of variables for health
Variables Wave Observed Mean SD
General health 1 3512 3.899 0.902
Asthma 1 3487 0.120 0.325
ADHD 4 3512 0.051 0.219
Depression 4 3512 0.161 0.367
Migraine 1 3461 0.126 0.332
Obesity 1 3512 0.075 0.263
Injuries 1 3512 0.134 0.341
Skin 1 3512 0.067 0.250
Other conditions 1 3512 0.041 0.198
Note: The table shows unweighted descriptive statistics before multiple imputation.
Summary statistics of health variables in the original data are shown in Table 3.1.7 On
average, general health condition is very good. About 70% of the respondents are in excellent
or very good health. More than 50% of adolescents have at least one health diagnoses. Among
those diagnoses, both ADHD and depression are the most common mental illnesses.8 In our
data set, 20% adolescents have at least one sort of mental disease. Some studies have found
that those mental diseases have permanent influence on future achievements [13, 19]. As
one of the most common chronic conditions, asthma is a leading cause of school absence and
hospital treatment. However, when properly treated, asthma may have very little impact
on children’s development. Hence, the existing literature does not reach agreement on its
influence [15, 21]. Migraine, obesity, and injuries are common physical health problems that
are examined in recent studies [25, 26].
3.3 Empirical Methodology
To investigate the effect of health on adulthood outcomes, we estimate the following regres-
sion:
7Summary statistics of all other variables can be found in Table A1 in the Appendix.
8All variables are measured in Wave I with the exception of ADHD and depression diagnoses, both of
which are surveyed in Wave 4. For example, the question for depression was, ”Has a doctor, nurse or other
health care provider ever told you that you have or had: depression?” And most of the respondents report
the age that they got the disease between 6 and 20.
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Yi = β0 + β
∗
1Healthi + αXi + εi (3.1)
where Yi is an outcome of individual i, including personal income, college graduation, em-
ployment status and social assistance. Logarithmic income is a continuous variable while
the other three are dichotomous outcomes. Health is a vector including one or more of the
aforementioned health conditions. Xi is a vector of controls of parental background mea-
sures and basic demographic information, including (log) family income, parental education,
parental health, year of birth of the child, number of siblings, and dummy variables for sex
of respondent, race, ethnicity, and parental marital status. Our primary interest is β∗1 , the
coefficients on health conditions. It measures the effect of health on outcomes in adulthood,
for which the relationship can be regarded as causal if our controls were exhaustive.
After that, we test the potential mediators through which health measures operate. Given
that education is an important factor for other future outcomes such as personal income and
employment status, we are mainly interested in the mediators linking health and educational
attainment. The mediators are those for which a justifiable assumption of the causal path-
way from health status to mediator, and mediator to outcome could be postulated based
on existing evidence. Our mediation analysis includes long-term school absence, truancy,
expelling, substance use, and cognitive ability.9 In order to explore a particular pathway, we
first, following the idea from [4] and [23], test the validity of each mediator. Then the total
effect of the influence of health is split into two parts, indirect effects and direct effects. The
indirect effects are the ones where health affects the mediator first, which then impacts edu-
cation. We explore the magnitude and proportion of indirect effects. In mediation analysis,
we use khb command in STATA to analyze the indirect effects.
Our continuous variable, (log) personal income, is estimated using an OLS model. A logit
model is used to estimate the dichotomous outcomes. We report the predicted probabilities
based on the regression results. Since the Add Health study design used a clustered sample
in which the clusters were sampled with unequal probability, we use a survey command in
STATA 15.1 to adjust the unequal probability of the sample distribution in all of our analysis
[8].




We first focus on the aggregate measure of health, general health. Table 4.1 reports the
influences of general health on the likelihood of college graduation. We control for parental
background measures as well as other demographic information described above. As a base-
line, column A shows young adults are likely to finish college education when they come from
wealth families, when their parents are well-educated, and when their parents are in good
health condition. But being a male is less likely to achieve a college degree. Those conclusions
are in accord with previous research. A remarkable result is that living in a divorced family
has the same negative effect on education outcome as being male. Next, general health is
added to column B. Relative to their peers, adolescences in better health are more likely to
graduate from college. The effect is also statistically significant. To analyze the effect size,
Figure 4.1 displays the marginal impact of being in different health levels. Looking at college
graduation in Figure 4.1, the probability of finishing higher education increases from 11.3%
to 38.1% as one’s health condition improves from 1 (poor health) to 5 (excellent health).
Given that only 36% of the respondents finish college, the probability difference between
poor and excellent health, 26.8%, is not small. However, comparing column B to column A,
there is no big change between the coefficients of the control variables. It indicates those
background variables are not mediators linking general health and educational attainment.
Table 4.2 explores how general health impacts employment status. Column A reports the
baseline. A surprising result is that family background variables have almost no relationship
with being full-time employed. It is probably because compared with other adulthood out-
comes, employment is much more in the control of respondents themselves [30, 31]. Column
B adds college graduation to the regression. These adults who obtain a college degree are
more likely to acquire a full-time job. Column C replaces college graduation with general
health. As can be seen, general health is significantly correlated with employment status.
Below in Figure 4.1, the line of employment shows that changing from poor to excellent
health, the probability of being fully employed increases 9.3%. When including both college
graduation and general health to the regression, as is shown in column D, the estimate of
general health becomes less significant and smaller compared to the previous one. But if we
look at the impact of general health (Employment (control)) in Figure 4.1, the marginal
probability does not change a lot. This means that the operation of general health on
9




(Log) family income 0.428*** 0.424***
(3.92) (3.87)
Parental education 0.825*** 0.815***
(13.10) (12.75)














Never married (PA) -0.418* -0.387
(-1.70) (-1.58)





Note: t values are in parentheses. * denotes statistical significance at the 10 percent
level. ** denotes significance at the 5 percent level. *** denotes significance at the 1
percent level.
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Table 4.2: General health and full-time employment
A B C D
General health 0.141** 0.115*
(2.48) (1.94)
College graduation 0.430*** 0.394***
(3.84) (3.39)
(Log) family income 0.041 0.016 0.038 0.016
(0.64) (0.26) (0.59) (0.25)
Parental education 0.012 -0.053 0.002 -0.055
(0.23) (-0.94) (0.04) (-0.99)
Parental health 0.111* 0.099 0.093 0.085
(1.66) (1.48) (1.43) (1.30)
Male 0.675*** 0.716*** 0.653*** 0.694***
(6.38) (6.77) (6.11) (6.47)
Black -0.089 -0.089 -0.114 -0.110
(-0.64) (-0.65) (-0.81) (-0.80)
Other race -0.250 -0.257 -0.239 -0.249
(-1.10) (-1.13) (-1.07) (-1.11)
Latino 0.262 0.252 0.267 0.256
(1.35) (1.27) (1.36) (1.28)
Birth year -0.031 -0.027 -0.031 -0.028
(-1.00) (-0.87) (-1.02) (-0.90)
Siblings -0.026 -0.025 -0.023 -0.023
(-0.46) (-0.45) (-0.42) (-0.42)
Never married (PA) -0.138 -0.109 -0.116 -0.093
(-0.48) (-0.38) (-0.40) (-0.32)
Divorce et al. (PA) -0.281** -0.239* -0.266* -0.230
(-2.01) (-1.70) (-1.89) (-1.63)
Constant 2.839 2.845 2.451 2.535
(1.12) (1.10) (0.96) (0.98)
Obs. 3512 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
employment status is only slightly mediated by education.
Table 4.3 reports the influence of health on (log) personal income. Column A again shows
the baseline. Parental background measures are positively related to adulthood income. In
11
Table 4.3: General health and (log) personal income
A B C D
General health 0.108*** 0.062*
(3.10) (1.82)
Full-time employment 0.845*** 0.839***
(11.42) (11.40)
College finish 0.410*** 0.392***
(7.56) (6.96)
(Log) family income 0.0911** 0.060* 0.088** 0.059*
(2.36) (1.78) (2.29) (1.76)
Parental education 0.149*** 0.087*** 0.141*** 0.085***
(4.87) (2.91) (4.60) (2.85)
Parental health 0.063** 0.037 0.050* 0.030
(2.06) (1.36) (1.67) (1.11)
Male 0.340*** 0.297*** 0.323*** 0.286***
(6.83) (6.02) (6.35) (5.65)
Black -0.240*** -0.221** -0.256*** -0.230***
(-2.76) (-2.55) (-2.93) (-2.65)
Other race 0.022 0.047 0.029 0.052
(0.20) (0.44) (0.27) (0.48)
Latino 0.075 0.041 0.080 0.044
(0.70) (0.39) (0.73) (0.42)
Birth year -0.053*** -0.045*** -0.052*** -0.045***
(-3.78) (-3.36) (-3.74) (-3.34)
Siblings -0.001 0.000 0.001 0.001
(-0.05) (0.00) (0.02) (0.05)
Never married (PA) -0.075 -0.036 -0.066 -0.031
(-0.43) (-0.22) (-0.38) (-0.19)
Divorce et al. (PA) -0.069 -0.003 -0.056 0.003
(-0.95) (-0.04) (-0.77) (0.04)
Constant 12.580*** 11.710*** 12.200*** 11.500***
(11.07) (10.80) (10.80) (10.56)
Obs. 3512 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
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Table 4.4: General health and social assistance (SA)
A B C D
General health -0.256*** -0.173**
(-3.56) (-2.36)
(Log) personal income -0.086*** -0.086***
(-4.19) (-4.22)
Full-time employment -0.642*** -0.625***
(-5.60) (-5.45)
College graduation -1.320*** -1.270***
(-9.14) (-8.57)
(Log) family income -0.197*** -0.143** -0.194*** -0.143**
(-3.66) (-2.55) (-3.60) (-2.55)
Parental education -0.503*** -0.346*** -0.490*** -0.343***
(-7.62) (-5.26) (-7.33) (-5.15)
Parental health -0.242*** -0.208*** -0.214*** -0.189***
(-4.97) (-4.16) (-4.31) (-3.62)
Male -0.518*** -0.478*** -0.477*** -0.444***
(-4.88) (-4.25) (-4.50) (-3.92)
Black 0.592*** 0.602*** 0.644*** 0.640***
(3.70) (3.86) (3.95) (4.06)
Other race -0.047 -0.024 -0.068 -0.037
(-0.21) (-0.11) (-0.31) (-0.16)
Latino -0.748*** -0.715*** -0.756*** -0.717***
(-3.31) (-3.07) (-3.30) (-3.07)
Birth year 0.041 0.033 0.042 0.033
(1.37) (1.12) (1.40) (1.14)
Siblings 0.069 0.056 0.062 0.052
(1.53) (1.18) (1.37) (1.08)
Never married (PA) 0.459** 0.399** 0.426** 0.382**
(2.39) (2.21) (2.18) (2.08)
Divorce et al. (PA) 0.423*** 0.271** 0.403*** 0.262*
(3.15) (1.99) (2.99) (1.93)
Constant -0.543 0.686 0.228 1.208
(-0.24) (0.31) (0.10) (0.56)
Obs. 3512 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
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addition, male’s income exceeds female’s by 34%, African Americans earn 24% less than
whites, and born one year later decrease one’s income by 5.3%. In column B, full-time
employment and college graduation are incorporated into the regression. Both variables
strongly predict later income. Young adults on average earn 84.5% and 41% more if they
got a full-time job and if they acquire a college diploma. Column C substitutes general
health for the two variables. According to the result, the income increases 10.5% if one’s
general health condition is improved to a higher level. The effect is statistically significant.
In the last column, the regression includes all the variables. Compared with the previous
column, one obvious change is that general health loses its power to predict adult income.
One will earn 6.2% more if one’s overall health condition increases one level. Combing the
results from the previous two tables, it indicates college graduation and employment status
might partially mediate the influence of adolescent health on future income.
Finally, Table 4.4 investigates the impact of general health on the possibility of social
assistance (SA). As shown in Column A, there are strong and significant connections between
parental background measures and SA. Some demographic information, such as gender, race
and ethnicity, also show predictive power for SA. After adding personal income, employment
status and college graduation in column B, the three variables offer extra explanation to
the likelihood being under SA, with the largest influence coming from the variable college
graduation. In addition, a comparison between the estimates in columns B and A, shows the
biggest change is parental education, whose absolute value decreases 31.3%. This implies
that parental education might be a mediator between the three aforementioned variables and
SA. Column C adds general health to the baseline. Not surprisingly, we again find being in
better general health at adolescence significantly reduces the probability of ending up being
on SA. To be precise, referring to line SA in Figure 4.1, the probability of being under SA
decreases from 31.5% to 14.1% as one’s health condition increases from poor to excellent. As
usual, the last column includes all the variables. If we compare the last column with column
C, an obvious change is the coefficient of general health, which is less significant and smaller
in absolute value. Looking at line SA (control) in Figure 4.1 and comparing it with line
SA, we can see that the marginal effect of general health is reduced in each level. But the
difference between those two effects gets smaller as one’s health condition improves. Those
findings indicate that personal income, employment status and college graduation to some
extent mediate the impact of general health on SA, though the effects fade away as one’s
health status improves.

















Figure 4.1: The marginal effects of general health on different outcomes
cence and later outcomes. In analyzing employment status, personal income and SA, we
sequentially include different personal information to build hierarchical models. The results
show that general health is partially mediated by variables such as educational attainment,
though the effects are small. General health might to some degree directly influence those
outcomes or there might be other mechanisms through which it operates on later achieve-
ments.
4.2 Specific Health Problems
Now, we turn to specific health problems. The results are shown in Tables 4.5 to 4.8. These
regressions account for several different dimensions of health problems simultaneously. We
also explore how the specific diagnoses interact with general health measure.
Column A in Table 4.5 shows mental health problems, i.e. ADHD and depression, are
significantly connected to college graduation, though the impact of ADHD is much higher.
Among physical heath problems, only the estimates of obesity and other conditions are
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Other conditions -0.748*** -0.743***
(-3.14) (-3.04)
(Log) family income 0.433*** 0.429***
(4.02) (3.96)
Parental education 0.830*** 0.818***
(13.06) (12.66)














Never married (PA) -0.370 -0.363
(-1.50) (-1.48)





Note: t values are in parentheses. * denotes statistical significance at the 10 percent
level. ** denotes significance at the 5 percent level. *** denotes significance at the 1
percent level.
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statistically different from zero. However, as one of the leading chronic diseases, asthma has
no relationship with the likelihood of college graduation. Though it is surprising, this result
is in line with the finding from [15]. Other health diagnoses such as migraine, injuries and
skin problems are more or less short-term diseases. It is understandable if they do not have
long-term impacts on educational achievement. In column B, general health is incorporated
to the regression since we are interested in the relationship between general health and these
specific health problems. Compared with the previous column, depression and obesity lose
their predictive power. But ADHD and other conditions are still in effect. This indicates that
though the general health can reflect certain illnesses, these different health problems are
nevertheless to some extent parallel to it. We will investigate this question after analyzing
other outcomes.
Table 4.6 turns to employment status. Column A shows that only depression and other
conditions have significant influence on employment, though the estimate of other conditions
is only significant at 10%. General health is included in column B, in which we find no change
of the estimation in health diagnoses. The estimate of general health is also statistically
significant. After adding college graduation in the last column, the coefficients of depression
and other conditions do not change much, which implies that educational attainment is not
a mediator linking specific health problems and employment.
Table 4.7 explores how multiple diagnoses operate on (log) personal income. Column
A reports that mental illnesses, as well as some physical diseases such as migraine and
other conditions, are strongly related to later income. On average, being diagnosed with
ADHD and depression will reduce 36.9% and 24.1% of one’s future income, respectively.
Other conditions, including being disabled, mentally retarded, blind, deaf, dizzy regularly,
having a heart problem and diabetes, can have even larger effects. Adolescents, who are
diagnosed with one of the other conditions, earn just as much as half of their healthy peer’s
income. Unfortunately, due to the limitations of this data set, we can not further collapse this
category into different diagnoses to check which one is the main factor driving our results.
Column B reports the regression by incorporating general health. Both general health and
other diagnoses significantly predict later income and when comparing with column A, the
estimates of specific illnesses are stable. The last column adds two more control variables,
employment status and college graduation. Though there are small changes in the estimates
of specific diagnoses, we can not conclude that the influence of these illnesses on income
are medicated by those two variables, as we compare the estimates in column B to those in
column C.
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General health 0.122** 0.010*
(2.11) (1.67)
ADHD 0.013 0.024 0.068
(0.06) (0.11) (0.31)
Depression -0.468*** -0.452*** -0.440***
(-3.65) (-3.58) (-3.45)
Asthma 0.111 0.134 0.126
(0.72) (0.85) (0.81)
Migraine -0.007 0.015 0.019
(-0.05) (0.10) (0.12)
Obesity -0.181 -0.115 -0.098
(-1.03) (-0.64) (-0.54)
Injuries -0.012 -0.010 -0.009
(-0.08) (-0.07) (-0.06)
Skin 0.159 0.184 0.181
(0.77) (0.89) (0.87)
Other conditions -0.449* -0.436* -0.405
(-1.82) (-1.76) (-1.65)
(Log) family income 0.046 0.045 0.024
(0.71) (0.69) (0.36)
Parental education 0.006 -0.003 -0.056
(0.11) (-0.05) (-0.99)
Parental health 0.096 0.084 0.078
(1.49) (1.32) (1.22)
Male 0.615*** 0.600*** 0.636***
(5.69) (5.52) (5.84)
Black -0.147 -0.164 -0.158
(-1.04) (-1.16) (-1.12)
Other race -0.266 -0.256 -0.264
(-1.12) (-1.10) (-1.13)
Latino 0.243 0.251 0.243
(1.22) (1.26) (1.19)
Birth year -0.032 -0.032 -0.029
(-1.03) (-1.05) (-0.94)
Siblings -0.030 -0.027 -0.027
(-0.54) (-0.49) (-0.48)
Never married (PA) -0.085 -0.068 -0.048
(-0.29) (-0.23) (-0.16)
Divorce et al. (PA) -0.273* -0.261* -0.228
(-1.95) (-1.85) (-1.61)
Constant 3.065 2.698 2.762
(1.20) (1.06) (1.07)
Obs. 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
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General health 0.087** 0.049
(2.54) (1.43)
ADHD -0.369*** -0.359*** -0.312**
(-2.88) (-2.87) (-2.39)
Depression -0.241*** -0.231*** -0.164**
(-3.49) (-3.30) (-2.39)
Asthma 0.043 0.059 0.030
(0.57) (0.77) (0.40)
Migraine -0.161* -0.145 -0.147*
(-1.80) (-1.64) (-1.81)
Obesity -0.093 -0.045 0.008
(-1.01) (-0.48) (0.10)
Injuries 0.036 0.039 0.044
(0.51) (0.56) (0.65)
Skin 0.052 0.069 0.063
(0.61) (0.82) (0.79)
Other conditions -0.557*** -0.546*** -0.468**
(-2.73) (-2.68) (-2.49)
(Log) family income 0.094** 0.092** 0.064*
(2.55) (2.48) (1.97)
Parental education 0.142*** 0.136*** 0.085***
(4.72) (4.52) (2.90)
Parental health 0.050 0.042 0.025
(1.66) (1.40) (0.92)
Male 0.323*** 0.311*** 0.279***
(6.48) (6.13) (5.53)
Black -0.284*** -0.294*** -0.259***
(-3.29) (-3.39) (-2.97)
Other race 0.010 0.018 0.045
(0.09) (0.16) (0.41)
Latino 0.056 0.061 0.031
(0.52) (0.56) (0.29)
Birth year -0.055*** -0.055*** -0.048***
(-4.09) (-4.07) (-3.64)
Siblings -0.008 -0.005 -0.004
(-0.29) (-0.19) (-0.13)
Never married (PA) -0.054 -0.049 -0.025
(-0.31) (-0.29) (-0.16)
Divorce et al. (PA) -0.061 -0.051 0.005
(-0.87) (-0.73) (0.07)
Constant 12.960*** 12.640*** 11.890***
(11.64) (11.42) (11.10)
Obs. 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
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Table 4.8: Specific diagnoses and SA (Social Assistance)
A B C






General health -0.207*** -0.137*
(-2.81) (-1.80)
ADHD 0.479** 0.467** 0.371
(2.13) (2.09) (1.57)
Depression 0.732*** 0.709*** 0.637***
(6.75) (6.44) (5.42)
Asthma 0.077 0.039 0.085
(0.50) (0.25) (0.53)
Migraine 0.317** 0.277* 0.224
(2.24) (1.95) (1.50)
Obesity 0.150 0.033 -0.021
(0.90) (0.19) (-0.11)
Injuries 0.170 0.173 0.162
(1.10) (1.15) (1.05)
Skin 0.187 0.147 0.188
(1.10) (0.89) (1.13)
Other conditions 0.782*** 0.758*** 0.537***
(4.37) (4.21) (2.89)
(Log) family income -0.208*** -0.207*** -0.156***
(-3.90) (-3.88) (-2.78)
Parental education -0.510*** -0.499*** -0.359***
(-7.63) (-7.40) (-5.36)
Parental health -0.209*** -0.191*** -0.172***
(-4.08) (-3.69) (-3.17)
Male -0.464*** -0.438*** -0.414***
(-3.97) (-3.76) (-3.37)
Black 0.733*** 0.768*** 0.754***
(4.65) (4.81) (4.82)
Other race 0.013 -0.005 0.024
(0.05) (-0.02) (0.11)
Latino -0.731*** -0.745*** -0.707***
(-3.12) (-3.16) (-2.94)
Birth year 0.046 0.046 0.036
(1.47) (1.49) (1.15)
Siblings 0.091* 0.084* 0.076
(1.91) (1.76) (1.50)
Never married (PA) 0.392** 0.375* 0.344*
(2.07) (1.95) (1.88)
Divorce et al. (PA) 0.395*** 0.381*** 0.246*
(2.98) (2.86) (1.82)
Constant -1.345 -0.644 0.534
(-0.56) (-0.28) (0.23)
Obs. 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
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(Log) family income 0.041 0.031
(0.96) (0.72)
Parental education 0.160*** 0.161***
(4.17) (4.35)














Never married (PA) -0.208 -0.157
(-0.99) (-0.74)
Divorce et al. (PA) -0.239** -0.233**
(-2.32) (-2.25)
Obs. 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent
level. ** denotes significance at the 5 percent level. *** denotes significance at the 1
percent level.
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Table 4.8 analyzes the influence of different diseases on SA. As shown in column A,
both mental illnesses and some physical health problems that include migraine and other
conditions, strongly influence the likelihood of being under SA. When controlling for general
health in column B, both specific and overall health measures are at work. Furthermore, no
remarkable change of the estimates of the specific measures is found, except the estimate
of migraine is less significant. In column C, (log) personal income, employment status and
college graduation are included. Compared with previous columns, we can see that the
coefficients of ADHD and migraine are now smaller and insignificant. Other estimates like
depression and other conditions get smaller as well but remain statistically significant. It
seems that the three aforementioned variables might to some extent mediate the influence
of specific illnesses. But this is not a surprising finding given our previous analysis, which
showed the connections between those health measures and one’s achievements in education,
employment and income.
Several conclusions can be drawn from our analysis of specific health problems. First,
the persistent impacts of different health measures primarily come from mental illnesses, i.e.
ADHD and depression. On the other hand, physical illnesses such as asthma and obesity
have little influence on later outcomes. [15] and [25] report a similar finding in Canada and
Sweden, respectively. We here provide evidence for that in the US. In addition, we find no
evidence that the impacts of the two mental health problems are mediated by other control
variables in our analyses.
Second, the general health condition and the specific diagnoses are in some sense par-
allel, though there might be some connections between them. To further investigate their
relationship, Table 4.9 runs an ordinal logistic model for general health. According to the
estimates in column A, parental background measures, such as education, health and mar-
riage status, significantly predict adolescent overall health status. Being a male or black has
significant health advantage as well. Those results make sense and are in agreement with
previous studies. However, to our surprise, family income has no significant impact on one’s
general health condition in adolescence, which is hard to understand. We tend to regard
this as a result of measurement error since the global health measure is self-reported, and
hence biased in some sense. Column B adds all the specific health measures. As can be seen,
all the physical illnesses except injuries are both negatively and significantly correlated with
general health. The predictions of mental diseases, ADHD and depression, are somewhat
weaker. The estimate of ADHD is even insignificant, though it is negative. The reason could
be that adolescents tend to not regard mental health problems as a serious disease. Overall,
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these results support the idea that general health cannot reflect all health diagnoses and




Given that both mental health problems and general health condition have long-term influ-
ences on every adulthood achievement, we are interested in how they operate. Considering
the importance of educational attainment among those outcomes, our analysis focuses on the
mediators through which those health measures impact the likelihood of college graduation.
Actually, economists have researched more about the causal relationship between health
and education [16, 17]. Few studies have explored the pathways linking the two variables.
A small amount of literature in medical science, however, has made some contribution in
exploring the mechanisms through which health impacts educational attainment [23]. We
summarize the potential mediators by reviewing related literature in both fields. After
doing so, we hone in on four common mediators: absence, truancy, expelling, and substance
use. In addition, some studies provide direct evidence that poor childhood health has a
negative impact on young adult’s cognitive ability development [6, 15]. Based on the model
of investments in the cognitive skills of children, [9] finds that the cognitive ability gap could
explain the difference of educational attainment. We thus identify cognitive skill as our fifth
hypothesized mechanism. All those mediators are measured in Wave I with the exception of
cognitive skill, which is first constructed and measured in Wave III.
Table 5.1: Descriptive statistics of variables for mediators
Variables Wave Observed Mean SD
Absence 1 3451 0.142 0.349
Truancy 1 3512 0.123 0.328
Expelling 1 3512 0.035 0.183
Substance use 1 3512 0.189 0.391
Cognitive skill 3 3405 53.335 29.383
Note: The table shows unweighted descriptive statistics before multiple imputation and standardization.
In summary, the mediators include absence, truancy, expelling, social exclusion, sub-
stance use, and cognitive skill. The definition and description of each variable are as follows.
• Absence is defined as being absent from school for a full day with an excuse no less
than 10 times during a school year.
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• Respondents are regarded as truant if they skip school for a full day without an excuse
no less than 3 times during a school year.
• Expelling is defined as being expelled from school before.
• Substance includes smoke, alcohol and drugs. Respondents are considered as using
substance if they smoke at least 20 days in the past month, or drink alcohol at least
once or twice a week, or use any kind of illegal drug such as cocaine.
• Cognitive skill is measured by the Picture Vocabulary Test standardized score on a
scale from 0 to 100. Since the scale of this variable is not important, we standardize
this measure with zero mean and unit variance.
Table 5.1 shows the descriptive statistics of the mediators.
5.2 Results
Before we conduct the mediation analysis, it is of importance to distinguish between mediator
and moderator variables. A moderator is a variable that affects the direction and/or the
strength of the relation between two variables while a mediator is the one through which a
predictor variable impacts an independent variable.1 Sometimes the moderators will mimic
the mediators and show similar influence. Following the idea from [4] and [23], we check the
initial effectiveness of the mediators.
First, we re-estimate the effect mental health and general health measures on college
graduation by adding an interaction between those health problems and one of the potential
mediators.2 All regression results show that the coefficients of the interactive variables are
insignificant. We can thus exclude the possibility that the mediators are moderators [4].
Second, we test the validity of our mediators. Table 5.2 reports the impact of both mental
and general health conditions on hypothesized mediators.3 For each of the hypothesized
mediators, the overall health measure always significantly influences it. But only one of the
mental illnesses reacts and its effect changes across the mediators. Next, we test the relation-
ship between mediators and the likelihood of college graduation without health measures.
Column A in Table 5.3 shows the result. All of the mediators are significantly associated
1The formal definition of the two conceptions can be found in [4].
2The regressions are separate for each of the mediators.
3The first four mediators are regressed by using logit models since they are binary variables while OLS
is applied to the continuous variable, cognitive skill.
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Table 5.2: Mediators and health conditions
Absence Truancy Expelling Substance use Cognitive skill
ADHD 0.113 0.472** 1.055*** -0.038 -0.189**
(0.47) (2.07) (2.65) (-0.16) (-2.52)
Depression 0.431*** -0.011 -0.066 0.315*** 0.072
(2.90) (-0.07) (-0.19) (2.63) (1.44)
General health -0.445*** -0.408*** -0.241** -0.438*** 0.031*
(-6.50) (-6.17) (-1.99) (-6.98) (1.74)
(Log) family income -0.187*** -0.088 -0.091 -0.101 0.093***
(-3.13) (-1.37) (-0.97) (-1.66) (4.32)
Parental education -0.135* -0.206*** -0.378*** -0.066 0.269***
(-1.86) (-2.64) (-3.09) (-1.20) (12.27)
Parental health -0.063 0.024 -0.106 -0.025 0.025
(-1.14) (0.30) (-1.04) (-0.47) (1.37)
Male -0.091 0.353** 0.948*** 0.301** 0.073**
(-0.74) (2.41) (2.83) (2.33) (2.06)
Black -0.769*** -0.205 0.989*** -0.994*** -0.634***
(-4.31) (-1.01) (3.94) (-4.83) (-9.80)
Other race -0.223 0.081 -0.536 -0.522** -0.181*
(-0.99) (0.24) (-1.15) (-2.38) (-1.86)
Latino -0.320 0.380 0.593* -0.249 -0.157*
(-1.42) (1.37) (1.67) (-1.06) (-1.88)
Birth year -0.096*** -0.461*** -0.125** -0.389*** -0.052***
(-2.75) (-11.83) (-2.36) (-11.61) (-4.29)
Siblings -0.064 0.045 0.218** -0.102** -0.068***
(-1.06) (0.92) (1.99) (-2.04) (-4.30)
Never married (PA) 0.355 0.150 0.890*** 0.264 -0.083
(1.29) (0.37) (2.79) (0.85) (-1.18)
Divorce et al. (PA) 0.577*** 0.821*** 0.832*** 0.678*** -0.062
(4.69) (5.75) (3.85) (5.79) (-1.35)
Constant 10.120*** 36.630*** 7.921* 32.360*** 2.672***
(3.65) (11.74) (1.89) (11.90) (2.75)
Obs. 3512 3512 3512 3512 3512
Note: t values are in parentheses. * denotes statistical significance at the 10 percent level. ** denotes
significance at the 5 percent level. *** denotes significance at the 1 percent level.
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Substance use -0.614*** -0.534***
(-3.27) (-2.73)
Cognitive skill 0.024*** 0.025***
(12.46) (12.31)
(Log) family income 0.342*** 0.349***
(3.31) (3.36)
Parental education 0.702*** 0.696***
(10.86) (10.63)














Never married (PA) -0.335 -0.321
(-1.26) (-1.18)





Note: t values are in parentheses. * denotes statistical significance at the 10 percent
level. ** denotes significance at the 5 percent level. *** denotes significance at the 1
percent level.
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with educational attainment. Finally, we further test our mediators on college graduation
through adding the health measures. The result is shown in Column B in Table 5.3. All
of the coefficients of the mediators are significant. Those analyses lend credibility to the
importance of our hypothesized mediators.
Next, we analyze the magnitude of the effects of those mediators. The idea behind this
analysis is that the effects of health measures on the likelihood of college graduation can be
decomposed into indirect effects and direct effects. We are interested in the indirect effects
since they are mediated by the aforementioned mediators. We use khb command in STATA
to analyze those mediators. Table 5.4 reports the magnitude of the mediation effects and
the proportion to total effects of those health measures.
As we can see from Table 5.4, our mediators can explain about one third of the influence
of ADHD on college graduation. The estimate is statistically significant. For depression, it
seems that those mediators lose power to explain the indirect effects since the percentage of
their effects are just 5.30%. Of the total effects of general health, about 46% of them seem
to be indirect, though the estimate is insignificant. But due to the structure of our data
set, we are not able to attribute those indirect effects to each of the mediators. This would
nevertheless be an important topic for future research.
Table 5.4: Indirect effects for health measures on college graduation





General health 0.136 45.62
(1.72)
Note: t values are in parentheses. Indirect effects are analyzed simultaneously for mediators. **
denotes significance at the 5 percent level.
Overall, those mediators seem to be unable to explain the indirect effects of health on
educational achievement. We want to point out several potential explanations. First, the
mental health diagnoses we use in analysis are measured in Wave IV.4 However, the mediators
are measured in wave I. There might exist a causal relationship that operates from mediators
to mental health problems. The mediation analysis is to some extent contaminated if this
4Some individuals reported to be diagnosed with these problems when they are older than 20. Unfortu-
nately, we can not exclude those respondents in the mediation analysis since their exact age to be diagnosed
is not available.
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is the case. Second, we might have missed some effective mediators. For example, social
exclusion is an important consequence of long-term depression. Teenagers with this disease
usually have trouble attending social activities and are often bullied by peers [29]. But
we are not able to construct this variable within this data set. Given this limitation, our




In this paper, we study the influence of adolescent health on long-term outcomes. Different
health measures and their influence are tested. In addition, we also explore the mechanisms
through which health works. Several conclusions can be drawn from this research.
First, we find a significant relationship between health in adolescence and outcomes in
adulthood. General health is a good predictor of future achievement. Among specific health
diagnoses, mental illnesses have permanent influences. By exploring different outcomes, our
results show that the impacts of health problems do carry on to adulthood. Second, we
investigate the relationship between general health and specific health diagnoses. Though
the general health measure can in some sense reflect different diagnoses, they are more likely
to be independent. Both of them can influence the differences in future outcomes. Finally,
we explore the mechanisms through which health impacts later educational attainment. The
mediation analysis shows that the mediators we constructed are valid, though their effects
are small.
Finally, several limitations of our study should be noticed. Even though we have relatively
thorough controls of all covariates, some factors such as genes and school environment that
both impact adolescent health and future outcomes will bias our results. We remain silent
as to whether our results reflect a casual relationship. Also, our measure of general health
is self-reported and hence subjective. It probably displays certain bias. It would be best
to rely on a more objective measure of one’s overall health condition. A further limitation
of our study is related to the availability of mediator variables within the data set. Several
potential mediators, as suggested by the literature, such as increased metabolic demands
or increased family and parental stress related to mental illnesses, are not available in the
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Table A1: Descriptive statistics of outcome and control variables
Variables Wave Observed Mean SD
Outcomes
(Log) personal income 4 3346 9.488 2.811
College graduation 4 3512 0.359 0.480
Full-time employment 4 3499 0.714 0.452
Social assistance 4 3512 0.213 0.409
Controls
(Log) family income 1 3064 10.461 0.909
Parental education 1 3443 0.869 0.337
Parental health 1 3459 0.579 0.494
Male 1 3512 0.448 0.497
Latino 1 3502 0.095 0.294
Black 1 3512 0.220 0.415
Other race 1 3512 0.081 0.272
Birth year 1 3512 19.184 1.737
Siblings 1 3512 2.348 1.035
Never married (PA) 1 3455 0.056 0.229
Divorce et al. (PA) 1 3455 0.214 0.410
Note: The table shows unweighted descriptive statistics before multiple imputation.
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